Clonal chromosomal abnormalities identified by interphase fluorescence in situ hybridization on collagen cultured hematopoietic stem cells

TO THE EDITOR
Myelodysplastic syndromes (MDS) are stem cells disorders which associate a mix of both normal cells and clonal malignant cells in various proportions. Recurrent chromosomal abnormalities are frequently associated with these diseases 1 and allow clear distinction between the two cell populations. However, cytogenetic preparations of cells from MDS patients cannot provide information concerning the relative proportion of normal vs clonal cells able to maintain a proliferative potential. To obtain such information, a good way consists of cloning hematopoietic progenitors in semi-solid culture conditions, then in analyzing the chromosomal contents of the colonies thus obtained with interphase fluorescence in situ hybridization (FISH). Several semi-solid media have been used to culture clonogenic hematopoietic progenitors, including agar, plasma clot and methylcellulose. However, further analysis of the colonies which requires the use of dried preparations were often impaired by various drawbacks: (1) Agar gels can be dried but erythroid cell growth efficiency is very poor in this medium. Moreover, dried agar is very dense and does not allow FISH probes to efficiently reach the nucleus. (2) Plasma clots could constitute an alternative method for such studies, but this matrix seems less suitable and convenient than collagen or methylcellulose for good reproducibility of cultures growth and quality of slide preparations.
2 (3) Methylcellulose cultures cannot be dried out without losing the clonal organization of the cells. In a previous report, 3 we demonstrated that FISH could be performed on individual colonies picked from methylcellulose cultures. However, this procedure: (1) is very time-consuming as each clone must be pippeted individually, washed to remove methylcellulose and cytocentrifuged on a glass slide; (2) allows analysis of just a small proportion of the clones. This selection being operator-dependent, a bias can arise at this step in the choice of the colonies to be analyzed since the majority of small colonies or clusters cannot be efficiently processed by this method; (3) requires the analysis of high numbers of slides to obtain interpretable results. This point represents the main contributing factor to excessive cost of such experiments due to the use of large amounts of expansive FISH probes.
Collagen has been shown to be a suitable matrix for hematopoietic progenitor cloning and to allow standard staining or immunocytochemistry labelling of these cells. 4, 5 Moreover, dehydration of the gel on a standard glass slide allows complete analysis of all colonies, even the smallest ones, thus avoiding one of the major drawbacks of the methylcellulose-based technique. Since no report concerning FISH analysis of collagen cultures has been published, we established a new method which allows such a study.
This preliminary work was performed with cells from three MDS patients with an informative karyotype ( Table 1 ). The patients were not treated with chemotherapy and were just regularly transfused with deleukocyted packed red blood cells. Nucleated blood cells from these patients were separated on Ficoll gradient and resuspended in serum-free collagen culture medium (Hemeris, Sassenage, France) with a cytokine mixture composed of interleukin (IL)-3 (10 ng/ml) + IL-6 (10 ng/ml) + stem cell factor (25 ng/ml) + erythropoietin (4 U/ml) + granulocyte-macrophage colony-stimulating factor (GM-CSF) (3 ng/ml) + G-CSF (10 ng/ml) + FLT3 ligand (25 ng/ml). Cells were cultured for 14 days and colonies were numbered before sample preparation. Gels were laid on glass slides then dried with blotting paper. After full drying, the slides were immersed in fresh fixative (methanol/acetone 50/50 v/v at −20°C) and stored at −20°C for at least one night. Before performing FISH, slides were thawed at room temperature and fixed once again in methanol/acetone. Sample preparation included proteinase K digestion (2 l of a 10 mg/ml solution Leukemia in 100 ml PBS for 10 min at 37°C). Slides were then processed for FISH according to standard protocols with centromeric probes D7Z1 and DXZ1 (PCR generated and labelled) and 5q31-specific probe (Oncor, Illkirch, France).
Previous experiments were performed on cord blood samples (Figure 1a ) in order to test various slide fixation and proteolytic digestion protocols, before analyzing MDS patient samples. For all three MDS patients studied, several clones could be examined. No hybridization failure was observed in unapoptotic clones. For two of the patients, interpretation of the results was complicated by either apoptosis in one case (patient 1) with poor nucleus morphology and altered DNA resulting in faint signals, or insufficient delimitation of the red cell colonies (BFU-E) for the other one (patient 2). However, in these two cases, we could draw conclusions from 11 clones for patient 1 and from 10 clones for patient 2. Patient 3 had a complex karyotype (cf Table 1 ) with several chromosome abnormalities that could be searched for by interphase cytogenetics. Two of them were selected (−7 and del(5)(q15q34)) for interphase FISH analysis. With both probes (D7Z1 and 5q31), an identical proportion of abnormal vs normal colonies was found (respectively 12 out of 15 for D7Z1 analysis and 12 out of 14 for 5q31), suggesting that both chromosome abnormalities arose early in the cell lineage development.
To determine more precisely the cell type of clones with chromosomal abnormalities, we are exploring associations of FISH with either previous MGG staining of the slides or immunocytochemical identification of the cells. 6 This technique of clonal analysis of hematopoietic stem cell cultures in MDS could be particularly useful in: (1) chromosome content analysis of clonogenic cells collected by cytapheresis from patients in remission of a leukemia to be given autologous bone marrow transplantation; (2) early detection of a relapse; (3) evaluation of the cell clonality after use of new therapeutic agents such as amifostine (Ethiol) which could favor normal vs clonal hematopoiesis. 7 In fact, this procedure can be applied to all clonal hematopoietic malignancies which display an informative karyotype in order to identify putative mosaicism between tumoral cells and normal polyclonal cells.
Finally, studies of the clonal evolution of such pathologies could bring new insights in the evolutive process of myeloproliferative disorders.
Identification of PML/RAR␣ rearrangements in suspected acute promyelocytic leukemia using fluorescence in situ hybridization of bone marrow smears: a comparison with cytogenetics and RT-PCR in MRC ATRA trial patients TO THE EDITOR Acute promyelocytic leukemia (APL) is characterized by the reciprocal translocation t(15;17)(q22;q21) leading to the formation of PML/RAR␣ and RAR␣/PML fusion genes.
1,2 PML/RAR␣ is believed to be critical for leukemogenesis 2, 3 but the role of RAR␣/PML transcripts, which are expressed in approximately 75% of cases 4 remains to be determined. In patients with morphological APL the presence of a PML/RAR␣ rearrangement predicts a favorable response to retinoids such as ATRA, 5 which in combination with chemotherapy has been found to confer significant improvement in survival. 6 Therefore establishing the presence of a PML/RAR␣ rearrangement in suspected APL cases is valuable for optimal patient management, and for analysis of 
